The dichloromethane extract from the leaves of Calotropis gigantea Linn. was strongly cytotoxic against non-small cell lung carcinoma (A549), colon carcinoma (HCT 116) and hepatocellular carcinoma (Hep G2), and non toxic to Chinese hamster ovary (AA8). The extract afforded uscharin (1), 3,5,8-trihydroxy-24-methylcholest-6,22-diene (2), a mixture of (24R)-3-hydroxy-24-ethylcholest-5-en-7-one (3a) and 6-hydroxy-24-ethylcholest-4,22-dien-3-one (3b), and another mixture of (24R)-24-ethylcholest-4-en-3-one (4a) and (24S)-24-ethylcholest-4,22-dien-3-one (4b). Cardenolide 1 exhibited extreme toxicity to A549, HCT 116 and Hep G2 with IC 50 values of 0.003 g/mL, 0.013 g/mL, and 0.018 g/mL, respectively, while sample 3 exhibited an IC 50 of 1.35 g/mL, 4.46 g/mL, and 3.83 g/mL, respectively.
Calotropis gigantea Linn. is cultivated as an ornamental and medicinal plant in the Philippines. The leaves of the plant are applied as a dry fomentation for abdominal pains and as a rubefacient. The leaves are also applied externally for skin affections and as a depilatory. The milky juice is used as a purgative, and in the treatment of toothache and earache [1] . An earlier study of C. gigantea reported the isolation of calotropin and coroglaucigenin frugoside and glucoside, which were cytotoxic to various cell lines of human and mouse origin [2] . Another study reported that 18,20-epoxycalotropin, calactin, zarigenin, calotropin, 15-hydroxycalotropin, and calactinic acid methyl ester isolated from the leaves of C. gigantea were cytotoxic against human oral epidermal carcinoma (KB), breast cancer (BC) and human small cell lung cancer (NCI-H187) cell lines [3] . The ethanolic extract of C. gigantea roots afforded calotropone and gofruside, which possessed significant inhibitory effects against chronic myelogenous leukemia K562 and human gastric cancer SGC-7901 cell lines in vitro. The resulting IC 50 values from the MTT assay for calotropone and gofruside were 9.2 μg/mL and 4.7 μg/mL, respectively against K562; and 91.3 μg/mL and 14.1 μg/mL, respectively against SGC-7901 [4] . Other compounds isolated from the roots of C. gigantea were seven new oxypregnaneoligoglycosides, calotroposide A and B, the known calotroposides C-G, coroglaucigenin frugoside and 4--D-glucofrugoside [5, 6] . Giganticine, also isolated from the root bark of C. gigantea, exhibited antifeedant activity against Schistocerca gregaria [7] . The aerial parts of C. gigantea also afforded flavonol glycosides [8] . A recent study reported that the n-hexane soluble fraction of the chloroform extract of the root bark of C. gigantea exhibited antiamoebic activity against the HK-9 strain of Entamoeba histolytica with procesterol characterized as the active constituent [9] .
In the present study, the dichloromethane extract from leaves of C. gigantea was assayed for cytotoxic properties based on the live cell's ability to reduce the yellow tetrazolium, MTT, to purple formazan products. Preliminary results showed that the crude extract was extremely toxic to three human cancer cell lines: a colon carcinoma (HCT 116), lung non-small cell adenocarcinoma (A549) and liver hepatocarcinoma (Hep G2). We report herein the isolation, identification and results of the MTT assays of a cardenolide, uscharin (1), and sterols (2-4) from the leaves of C. gigantea. To the best of our knowledge, this is the first report on the isolation of the sterols (2-4) from C. gigantea and the cytotoxic activity of the mixture of sterols (3a-3b).
The structures of 1, 2, 3a, 3b, 4a and 4b were confirmed by comparison of their 13 C NMR data with those of uscharin [10] , 3,5,8-trihydroxy-24-methylcholest-6,22diene [11] , (24R)-3-hydroxy-24-ethylcholest-5-en-7-one [12] , 6-hydroxy-24-ethylcholest-4,22-dien-3-one [13] , (24R)-24-ethylcholest-4-en-3-one [14] , and (24S)-24ethylcholesta-4,22-dien-3-one [15] , respectively Cytotoxicity assay: The crude dichloromethane extract from the leaves of C. gigantea exhibited high toxicity against three human cancer cell lines: non-small cell lung carcinoma, A549, colon carcinoma, HCT 116, and hepatocellular carcinoma, Hep G2 ( Figure 1 ). The isolates, which resulted from a series of purification steps, were subsequently tested for cytotoxicity. Figure 1 shows that 1 and sample 3 were strongly cytotoxic to the three human carcinoma cell lines. Cardenolide 1 is more toxic to the three cell lines than sample 3. It is also observed that A549 proved to be most vulnerable to both compounds. Sterol 2 is only slightly cytotoxic to the three cell lines, while sample 4 is considered non-toxic, as it showed very high IC 50 s on the three cell lines. The two cytotoxic isolates also showed toxicity to the non-cancer cell line tested, Chinese hamster ovary cells, AA8. Though also toxic to AA8, the cardenolide 1, was at least 100 fold less toxic than the positive control, doxorubicin. Sample 3 was less toxic to AA8 the normal cell line than 1.
Cytotoxicity of the C. gigantea extracts and isolates to cancer cells:
Observations on the activity of the extract from C. gigantea in this study corroborate the findings of a previous study [16] which demonstrated that alcoholic extracts of the roots and the leaves of this plant showed anticancer activity on human epidermal carcinoma from the nasopharynx in cultured tissue. It was also noted that the chloroform extract from C. gigantea potentiated the anticancer property of daunomycin against breast cancer cell line MCF 7/ADR [17] .
The activity against the three cancer cell lines in this study of sample 3 ranged between 1-5 µg/mL. Meanwhile, cardenolide 1 was still active at nanogram concentrations. A literature search revealed that a European Patent EP0983063/US Patent US6342490 [18] provides a pharmaceutical composition containing uscharin and its use to combat cell proliferation in the treatment of cancer.
In addition, cardenolide 1 and sample 3 were both more active against A549 human lung cancer cells, which are relatively more sturdy compared with HCT 116 colon carcinoma. Previous studies have demonstrated that nonsmall cell lung carcinoma A549 is resistant to many chemotherapeutic agents. This is traced to pro-survival mechanisms in this cell, such as upregulation of heat shock proteins Hsp70. UNBS1450 mediated the decrease of Hsp70 at mRNA and protein levels, partly due to UNBS1450-induced downregulation of NFAT5/TonEBP, which is a factor responsible for the transcriptional control of Hsp70 [19] . UNBS1450 is a hemisynthetic derivative of the novel cardenolide, 2-oxovoruscharin. Uscharin, being a derivative of oxovoruscharin, may have similar action to UNBS1450.
The present study corroborated earlier results that showed that cardenolides were less toxic to non-cancer cell lines than to cancer cells. It was reported [20] that cardiac glycosides used in the treatment of cardiac failure sensitize lung cancer cells, but not normal human peripheral blood mononuclear cells, to Apo2L/TRAIL-induced apoptosis. Inducing Apo2L/TRAIL mediated apoptosis in tumor cells causes minimal or no toxicity to normal cells. Four cardenolides isolated from Nerium oleander demonstrated cell growth inhibition toward V-13 tumor cells compared with the parental normal WI-38 cells [21] . It was noted [22] that malignant cell lines are more susceptible to the apoptotic effects of cardenolides than their normal counterparts, possibly due to the differences of the Na + /K + ATPase activity between malignant and normal cell types.
In the present study, assessment of the morphological features showed that most of the dead cells shrunk in size, initially showed membrane blebbing and condensed nuclei, then detachment from the substratum. These are characteristic features of apoptotic cell death. Cells treated with doxorubicin also showed similar features. It was indicated in an earlier study [23] that in apoptosis, the cell membranes remain intact along with the good preservation of ultrastructure, mitochondria and ribosomes. This eventually culminates in the cell breaking up into apoptotic bodies which, in vivo, will be engulfed by phagocytic cells such as macrophages. Death of cells as observed in this study is believed to demonstrate characteristic features of apoptosis. 
Extraction and isolation:
The air-dried leaves of C. gigantea (968 g) were soaked in CH 2 Cl 2 for 3 days, and then filtered. The filtrate was concentrated under vacuum to afford a crude extract (32.3 g), which was chromatographed using increasing proportions of acetone in CH 2 Cl 2 (10% increments). The 90% acetone in CH 2 Cl 2 and acetone fractions were combined and rechromatographed (5x) in CH 3 CN:Et 2 O:CH 2 Cl 2 (1:1:8) to afford 1 (8 mg) after trituration with light petroleum. The 70% to 80% acetone in CH 2 Cl 2 fractions were combined and rechromatographed (7x) in CH 3 CN:Et 2 O:CH 2 Cl 2 (0.5:0.5:9) to afford 2 (4 mg). The 20% to 30% acetone in CH 2 Cl 2 fractions were combined and rechromatographed in 10% EtOAc in light petroleum, followed by 15% EtOAc in light petroleum, and finally 20% EtOAc in light petroleum. The more polar fractions were rechromatographed (5x) in 20% EtOAc in light petroleum to afford a mixture of 3a and 3b (6 mg) in a 2:1 ratio based on integrals and disparity in single hydrogen peaks. The CH 2 Cl 2 and 10% acetone in CH 2 Cl 2 fractions were combined and rechromatographed (7x) in 5% EtOAc in light petroleum to afford a mixture of 4a and 4b (4 mg) in a 3:2 ratio based on integrals and disparity in single hydrogen peaks.
Bioassay
Preparation of dichloromethane extracts and isolates: C. gigantea leaves were air-dried, soaked in dichloromethane for 3 days, then filtered. The filtrate was concentrated under vacuum to afford a crude extract which was dissolved in DMSO to make 4 mg of crude extract per Ml of DMSO. Four mg each of samples 1, 2, 3 and 4 were dissolved in 1 mL each of DMSO to make 4 mg/mL solutions.
Maintenance of cell lines:
Human colon carcinoma HCT 116 cell line was grown in McCoys 5a modified medium with 2.2 g NaHCO 3 (Sigma), 10% fetal bovine serum (FBS), and 1% penicillin G-streptomycin fungizone (PSF). A549 human non small cell lung adenocarcinoma cells were maintained in F12 Kaighn's medium with 2.2 g NaHCO 3 (Sigma), 10% FBS and 1% PSF. Hep G2 liver hepatocarcinoma cells were grown in Minimum Essential Medium (MEM) with 2.2 g NaHCO 3 (Sigma), 1% PSF and 10% FBS. All cell lines were obtained from the American Type Culture Collection (ATCC, Manassas Va). Media and all additional reagents were purchased from Gibco, except when indicated otherwise. The cells were incubated at 37ºC with 5% CO 2 in a humidified carbon dioxide incubator and passed upon reaching 80% confluency. For passing, the cells were washed twice with PBS then added with 0.05% Trypsin-EDTA. Three mL new media was added to neutralize the trypsin. A new culture was made with an initial concentration of 1 x 10 4 cells/mL new media. [24] : Cells for the assay were trypsinized, then diluted with new medium to 4 x10 4 cells/mL and dispensed into 96 well plates at 190 µL per well. Each plate was incubated at 37ºC with 5% CO 2 for 24 h. Ten µL of test samples was added to the wells to make final screening concentrations of 50, 25, 12.5, 6.25 µg/mL. For testing pure samples, the final concentration ranged from 6.25 up to 0.00038 g/mL DMSO. The negative control was DMSO. Doxorubicin (DOXO), an established cancer chemotherapeutic drug, was the positive control. After 72 h, cell morphology was observed under bright field microscopy. The medium was removed and 20 µL of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) at 5 mg/mL PBS was added into each well. The cells were then incubated for 4 h and added to 100 µL of DMSO. The change in color was read at 570 nm as measuring filter and 620 nm as reference filter. At least 3 trial assays were conducted with at least 3 replicate wells per concentration. Absorbance readings were used to calculate the IC 50 values of the samples using simple linear regression. An IC 50 of 30 µg/mL or less for a crude extract indicates potential for further purification [25] . An IC 50 of 5 µg/mL or less in a pure compound suggests potential for drug development.
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) cytotoxicity assay

Statistical analysis:
The data were analyzed of the assay results of the test extracts and compounds on the cell lines with the positive and negative controls. Statistical analysis was based on IC 50 values of the samples utilizing one-way ANOVA with p<0.05 considered significant.
